INTRODUCTION
Roselle (Hibiscus sabdariffa, L.) is one of the most important plants of the Malvaceae Family, which produce a fleshly red calyxes and epicalyxes (sepals). Roselle sepals are used for the preparation of hot and cold red drinks and obtaining the natural food coloring pigments such as anthocyanin compounds (Diab, 1968) . Moreover, it is used as hypotensive agent since it lowers blood pressure without producing side effect (Sharaf, 1962) . In addition, Roselle seeds contain about 17-30% fixed oil which is similar in its properties to cotton seed oil (Hussin et al., 1991) . It has antimicrobial activities due to its phenolic compounds. It contains protein, fibers, calcium, iron, carotene, and ascorbic acid (Fasoyiro et al. 2005) .
The NPK requirements of medicinal and aromatic plants were recorded by many authors. In this respect, Ashorabadi, et al. (2003) on Foeniculum vulgare, Niakan et al. (2004) on Mentha piperita, Lee et al. (2005) on Chrysanthemum boreale and Gomaa and Youssef (2007) on fennel plant, Amran (2013) on Pelargonium graveolens plants and El-Khyat (2013) on Rosmarinus officinalis. They concluded that NPK fertilizers had an important physiological and biochemical functions on structure of photosynthetic pigments, metabolism of carbohydrates and protein and these effects were observed with significant increase in growth, yield and essential oil content of the different plant species.
Organic fertilizers increase soil organic matter, particularly for the sandy soils in Egypt, which record less than 1% and hence improve the physical, chemical and biological properties. Consequently, the availability of nutrients for plants as well as soil characteristics should be improved (FAO, 1977) . Compost application to sandy soil significantly increased both dry matter production of sepals and number of roselle plant fruits. It is used to increase anthocyanin and ascorbic acid contents in addition to a reduction of the acidity and glucose in sepals (Kandeel, 2004) .
Balanced plant nutrition has an important role in increasing the quality and color of flowers. Hilbert et al. (2003) reported that high intake of potassium can increase the amount of anthocyanins, but it will be reduced by high amounts of nitrogen fertiliser. Research has shown that organic fertilizers or hormones can increase product quality and quantity. Shehata, et al (2011) reported that, by using compost the amounts of total soluble salt and anthocyanin levels in strawberry fruit have increased in greater extent with respect to chemical fertilizer. El-Shrief and Sarwat (2007) reported that the amount of anthocyanins, iron, zinc and manganese in Roselle flowers have increased by application of poultry manure.
Many beneficial effects are attributed to foliar application of fulvic acid (FA), including stimulation of plant metabolism, increased enzyme activity (transaminase, invertase), increased bioavailability and uptake of nutrients and increased crop growth and yield (Jifon and Lester, 2009) . Fulvic acid has maximum influence on chemical reactions because of the presence of more electronegative oxygen atoms than any other humate molecules, which enhances membrane permeability (Priya et al., 2014) . Application of fluvic acid positively affected plant growth under saline soil conditions, but higher doses of FA inhibited plant growth (Türkmen et al., 2004) . Fluvic materials can affect physiological processes of plant growth directly or indirectly (Yang et al., 2013) . Fluvic substances might show anti-stress effects under abiotic stress conditions such as, unfavorable temperature, pH, salinity etc. Fluvic substances could improve plant growth under soil condition with enhancing the uptake of nutrients and reducing the uptake of some toxic elements (Kulikova et al., 2005) . Fulvic acid easily binds or chelate minerals such as iron, calcium, copper, zinc and magnesium, as it can deliver this elements to plant directly (Yamauchi et al., 1984) . Fulvic acid application enhanced root activity, increase in ion uptake, high rate of transport of phosphorus to the grains (Xudan, 1987) , increasing the number and length of root hairs of Arabidopsis plants (Schmidt et al., 2005) , promote plant growth and increase marketable yield in tomato production (Suh et al., 2014) , improved plant growth and yield quantity and quality of cucumber plants and enhanced the activity of soil microorganism (Kamel et al., 2014) , enhanced effectively the physiological activities and yield production of tomato plants, as antitranspirants via conserving soil water and thereby reduce the applied water by 25% of irrigation water (Aggag et al., 2015) , improve the quality of berry fruit and more absorption of calcium by grape (Huanpu et al., 2004) , enhanced potassium levels in leaves of tobacco acts in a manner similar to the plant hormone auxin (Priya et al., 2014) . Anjum et al. (2011) reported that fulvic acid increased chlorophyll and water content of leaves. It also increased photosynthesis, reduced stomata opening status and transpirations, thus led to growth stimulation and water loss reduction. Aminifard et al. (2012) reported that fulvic acid enhanced multiple parameters of fruit quality, including total soluble solids, antioxidant activity, total phenolics, carbohydrates, capsaicin, and carotenoids of pepper. Bocanegra et al. (2006) concluded that "the combined capacity of fulvic acids both to chelate nutrients and move through membranes has suggested the fulvic acids may play similar roles as natural chelators in the mobilization and transport micronutrients". Moreover, Yang et al. (2013) have demonstrated that fulvic acid is optimum choice for the improvement of nutrients availability and soil physicochemical conditions. Anjum et al. (2011) reported that fulvic acid increased chlorophyll and water content of leaves. It also increased photosynthesis, reduced stomata opening status and transpirations, thus led to growth stimulation and water loss reduction (Li et al., 2005) . Also they have found that fulvic acid and humic acid have been used to regulate the plant growth under well watered and drought conditions. Furthermore, fulvic acid as metabolic antitranspirations is an organic acid, nontoxic, not expensive and did not cause pollution problems as a result of extensive use (Nardi et al., 2002) . Silva et al., (2016) observed that fulvic acid easily binds or chelate minerals such as iron, calcium, copper, zinc and magnesium, as it can deliver this elements to plant directly. Kamel et al. (2014) revealed that the foliar application of fulvic acid improved plant growth and yield quantity and quality of cucumber plants. Li et al. (2005) indicated that falvic acid foliar spraying resulted to 7.2% increase of grain yield at the optimal concentration of fulvia acid (1.5mlL -1 ). Aggag et al. (2015) were studied the kaolin and fulvic acid as antitranspirants on tomato plants under three water regimes in the two seasons and revealed that both kaolin and fulvic acid enhanced effectively the physiological activities and yield production of tomato plants, These led to conserving soil water and thereby reduce the applied water by 25% of irrigation water. Anjum et al. (2011) reported that fulvic acid increased chlorophyll and water content of leaves. Fulvic acid also increased photosynthesis, reduced stomata opening status and transpiration, thus led to growth stimulation and water loss reduction. Zancani et al. (2011) suggested that fulvic acid applied to cell cultures of Greek fir interacted with the signaling pathway for plant hormones and increased intercellular levels of ATP and glucose-6-phosphate, physiological effects that were related to growth promotion. Yazdani et al. (2014) found higher nutrient uptake and accumulation of N, P, K, Ca, Fe and Zn in leaves of gerbera by fulvic acid. Hendawy et al. (2015) suggested that foliar application of humic acid had a significant effect on essential oil percentage and oil constituents of Mint plant. They concluded that increasing nutrient absorption can induce enzyme activity and metabolism of essential oil production. They also were stated that phosphorous can activate coenzymes for amino acid production, photosynthesis, glycolysis, respiration and fatty acid synthesis. On the other hands, increasing potassium absorption by fulvic acid may affect the metabolism of N and carbohydrates and the synthesis of lipid, starch and protein as reported by Zahra et al. (1984) .
The cultivated area of roselle plant (Hibiscus sabdariffa L.) in Egypt is increasing gradually for local utilization and export. Using Egyptian desert soils in cultivating medical and aromatic plants such as roselle plant is considered as one of the most important targets especially in Siwa Oasis as a Protected Area where it is favourable to reduce application of chemical fertilizer and pesticides to prevent environmental pollution as possible. It is well known that most of irrigation water in Siwa Oasis is saline either agricultural drainage or well water. So this investigation aims to overcome these adverse conditions by cultivating economical and salinity tolerant plant such as roselle plant and trying to improve its leaf nutrients uptake, yield and quality by doing the integration between inorganic fertilizer and organic one such as compost and fulvic acid foliar spray. -1 on vegetative growth, leaf nutrient uptake, yield and quality of roselle (Hibiscus sabdariffa L.) plants. This experiment was conducted in a split plot design with three replicates where the five combinations of both organic and inorganic fertilizers were assigned in the main plot, while the foliar application treatments of fulvic acid were assigned in the sub main plot.
MATERIALS AND METHODS
Some physical and chemical properties of the experimental soil were determined according to Jackson (1973) and Black et al. (1982) . The obtained results of soil analyses are presented in Table 1 . The chemical properties of applied compost, which are producing from plant wastes and animal manure, and irrigation water, are also shown in Table 1 .
Roselle seeds were sown in sandy soil on 15 March of each season in plots (1.5x6 m) containing three rows (50cm width) every row had 12 hills (50cm apart) and at three seeds per hill, and one month later, the plants were thinned, leaving only one seedling/hill.
The amount of N and K fertilizers were divided into three equal portions as side dressing and added at three dates: on 15 June, on 15 July and on 15 August, respectively of both study seasons. However, the amount of P-fertilizer and compost were added to the soil before seed sowing during soil preparation. Fulvic acid treatments were applied as foliar spray at 30, 60 and 90 days after planting, respectively. ) and seed fixed oil yield (MTha -1 ) were recorded at harvesting time i.e. 15 October, 2016 and 2017 seasons (i.e. growth season duration was about 7 months).
The determinations of chemical constituents were determined as follows; at harvesting time (on 15 October) anthocyanin content was determined in airdried roselle sepals according to the method described by Du and Francis (1973) , the percentage of fixed oil in seeds was determined according to the method mentioned by A.O.A.C (1980) , ascorbic acid was determined in sepals as described in A. O.A.C. (1980) , sepals acidity (pH value) was determined according to Diab (1968) , while during flowering stage (on 30 August), the percentage of N, P, K and total carbohydrates% were determined in the dry leaves, where total nitrogen was determined using MicroKieldahl method according to A.O.A.C. (1980) , phosphorus was determined colourimetrically in spectrophotometer using the method described by Trouge and Meyer (1939) , whereas, K content was determined by flame photometer according to Brown and Lilleland (1946) , Fe, Zn, and Mn were determined in the wet digested samples by atomic absorption as described by Chapman and Paratt (1961) . Total carbohydrates (mg/g D.W), total sugars (mg/g F.W), total free amino acids (mg/g F.W), chlorophyll a & b and carotenoids (mg/g F.W), were determined in the roselle leaves at the beginning of flowering stage according to Herbert et al. 1971 , Thomas and Dutcher, 1924 , Rosed,1957 and A.O.A.C, 1980 All data obtained in both seasons of study were subjected to statistical analysis of variance as factorial experiments in split plot design. L.S.D. method was used to differentiate means according to Snedecor and Cochran (1989) .
RESULTS AND DISCUSSION
The highest plant height (147.1 and 151.4cm), branches fresh weight (1125.5 and 1216.1g/plant) and branches dry weight (201.4 and 208.6g/plant) were recorded with the treatment of the full dose of mineral fertilizers (FC1), the second highest plant (143.4 and 174.5cm) was noticed at FC3 treatment whereas no significant differences were observed between FC1, FC3 and FC5 regarding their effect on both fresh and dry weight of branches, combination of inorganic and organic fertilizers at 75% + 12MT compostha -1 (FC5) achieved the highest leaves number (140.1 and 147.5), branches number (20.95 and 22.11) and leaves dry weight (24.23 and 26.37), there were no significant differences were noticed among the effects of FC1, FC3 and FC5 concerning their effect on leaves number in the 1 st and 2 nd seasons, respectively. On the other hand application of 50% inorganic fertilizers + 6MT compostha -1 (FC2) scored the lowest values of all studied vegetative growth parameters in both study seasons.
With respect to the effect of foliar application of fulvic acid levels, Tables 2 and 3 reveal that most of all the studied vegetative growth parameters were gradually increased with increasing of fulvic acid (FA) concentrations over the control with superiority of 750mg/L level, there were significant differences between all FA levels regarding their effect on plant height, leaves number and branches fresh weight. No significant differences between 500 and 750mg/L of FA levels concerning their effect on leaves dry weight, branches dry weight and branches number in the two study seasons.
As shown in Tables 2 and 3 , the interaction effect between the inorganic and organic fertilizer combinations (FC) and the levels of fulvic acid (FA) increased all the studied vegetative growth parameters of Roselle plant in both seasons. However, the highest significant interaction treatment was the foliar application of FA at 750mg/L with FC5 (70% mineral + 5.0MT compost ha -1 ) regarding leaves number (146.0 and 156.1), leaves dry weight (27.08 and 29.72g/plant) and branches number (23.97 and 25.19) Khalil et al. (2010) on basil plants, Majeed and Ali (2011) on roselle plant, Gendy et al. (2012) on roselle plants, Gendy et al. (2013) on guar plants, Priya et al. (2014) on tobacco plant, Paramasivan et al. (2015) on Solanum melongena L., Khatab (2016) Table 4 , although FC1 gave the highest roselle leaf macronutrients uptake (16.80 and 18.19, 3.739 and 3.722, and 29.28 and 29.74kgha -1 ) for N, P and K in the 1 st and 2 nd season, respectively, there were no significant differences between FC1, FC3 and FC5 (Table, 4 ).
The highest significant FA foliar application treatment was FA4 which achieved the highest roselle leaf macronutrients uptake (17.47 and 19.70, 3.758 and 4.020, and 29.38 and 32.04kgha -1 ) for N, P and K in the 1 st and 2 nd season, respectively.
Concerning the interaction effect of FC with FA treatments data in Table 4 reveal that the highest values for N, P and K uptake by roselle plant leaves were due to the interactions of FC1, FC3 and FC5 with FA at 750mgL -1 , respectively and there were no significant differences among all those three interaction treatments in both study seasons.
Leaf micronutrients uptake:
Table 5 indicated that there are significant differences among all fertilizer combinations (FC) treatments regarding Fe and Mn uptake of leaf roselle plant while no significant differences among FC1, FC3 and FC5 were observed for Zn uptake. The highest values were achieved by FC5 for Fe and Mn uptake and by FC1 for Zn uptake. On contrary the lowest significant treatment was FC2.
Foliar application of fulvic acid (FA) at 750mgL -1 was the highest significant treatment which gave the highest leaf micronutrients uptake values i.e. 847.9 and 937.7gha -1 for Fe, 439.4 and 523.4gha -1 for Zn and 214.4 and 218.5gha -1 for Mn in the 1 st and 2 nd seasons, respectively, while the lowest significant treatment was observed at without FA foliar application treatment in both study seasons (Table, 5) .
With respect to the interaction between FC and FA treatments (Table, 5 ), the highest significant interaction treatment was the foliar application of FA at 750mgL It is clear from data in Table 6 that there are significant differences between all inorganic and organic fertilizers combinations (FC) regarding their effect on dry sepals yield in MT ha -1 . The highest dry sepals yield (1.075 and 1.217MTha -1 ) was achieved at FC5 followed by FC3 treatments, whereas, the lowest dry sepals yield (0.840 and0.965MTha -1 ) was noticed at FC2 treatment in the 1 st and 2 nd seasons, respectively. Table 6 indicate that all levels of fulvic acid (FA) resulted in significant increases in dry sepals yield especially that received the high level (750mgL -1 ) as compared with no FA application in the two study seasons. In general, all resulted interactions between FC and FA treatments statistically affected the sepals dry yield (MTha -1 ) in both seasons. However, the highest sepals dry yield (1.212 and 1.294MTha -1 ) was earned by using the combined treatments between FC5 and FA at 750mgL -1 when compared with other combinations in the 1 st and 2 nd seasons, respectively.
Data in

Seed yield:
Although, FC1 treatment gave the highest seed yield (1.622 and 1.745MTha -1 ), it didn't significantly differ with FC3 and FC5 (Table, 6), whereas the lowest seed yield (1.315 and 1.452MTha -1 ) was observed at FC2 treatment in the 1 st and 2 nd season, respectively. Foliar application of FA at 750mgL -1 gave the highest significant seed yield (1.750 and 1.726MTha -1 ) and the lowest one (1.325 and 1.548MTha -1 ) was observed at no FA foliar application in the 1 st and 2 nd season, respectively. The interaction treatments between FC and FA treatments affected significantly on seed yield where the highest seed yield was gained at FC1 with FA at 750mgL -1 treatment followed by FC3 with FA at 750mgL -1 and FC5 with FA at 750mgL -1 in both study seasons.
Seed fixed oil yield:
As presented in Table 6 , significant differences were observed between all organic and inorganic fertilizer combinations (FC). FC5 had the highest seed fixed oil yield (236.9 and 260.01Lha -1 ) followed by FC3 and FC1, whereas FC2 treatment gave the lowest seed fixed oil yield in the 1 st and 2 nd season, respectively. Foliar application of FA on roselle plant significantly increased seed fixed oil yield per ha, especially with high level (750mgL -1 ) in both study seasons. The interaction treatment of FC5 with FA at 750mgL -1 gave the highes. Niakan et al. (2004) on Mentha piperita, El-Maadawy and Moursy (2007) on jojoba, El-Shora (2009) on Mentha piperita, Khalil et al. (2010) on basil plants, Majeed and Ali (2011) on roselle plant, Gendy et al. (2012) on roselle plants, Gendy et al. (2013) on guar plants, Priya et al (2014) on tobacco plant, Paramasivan et al. (2015) on Solanum melongena L., Khatab (2016) Table 7 showed that the highest anthocyanin content ( 180.79 mg/100g DW) was accumulated in sepals as a result of using FC5 treatment ( 150.9 and 153.9mg/100g DW) in the 1 st and 2 nd seasons, respectively. No significant differences were observed between FC5, FC1, FC3 and FC4 in both seasons. In addition, FA foliar application at 750mg/L was the highest significant (152.1 and 156.9mg/100g DW) and no significant differences between this treatment and FA at 500mg/L one treatment in the 1 st and 2 nd season, respectively. In general, the interaction effect of FC5 and FC4 with foliar application of fulvic acid at 750 resulted in the highest anthocyanin content of roselle sepals i.e. 159.2 and 163.5 mg /100g DW in the 1 st and 2 nd seasons, respectively.
Sepals vitamin C content:
Data in Table 7 indicate that the highest content of vitamin C (41.27 and 41.95mg/100g DW) was noticed at FC5 in the 1 st and 2 nd seasons, respectively, and no significant differences was observed among FC1, FC3, FC4 and FC5 in both study seasons. Moreover, foliar application of fulvic acid (FA) significantly increased sepals content of vitamin C compared to no FA application in both study seasons. On the other hand, the interaction of FC5 with FA at 750mg/L showed to be the most effective one for enhancing the highest sepals vitamin-C content (47.88 and 49.75mg/100g DW, in the 1 st and 2 nd seasons, respectively).
Sepals acidity value:
Data in Table 7 show that the highest significant sepals acidity value was noticed at FC1 treatment (1.951 and 1.992) in the 1 st and 2 nd seasons, respectively, while the lowest sepals acidity value was due to FC5 treatment whish had no significant differences with FC1, FC3 and FC4 treatments in both study seasons. Regarding the effect of fulvic acid treatments, no application of FA treatment achieved the highest acidity values (1.969 and 2.017) in the 1 st and 2 nd seasons, respectively, whereas FA at 750 showed the lowest sepals acidty value and no significant differences among FA application treatments i.e. FA at 750, 500 and 250mg/L in both study seasons. Generally, slightly reducing in sepals acidity values were scored due to the interaction between FC5 with all FA foliar application treatments i.e. FA at 750, 500 and 250mg/L in both study seasons.
The previous data of sepals quality parameters (i.e. sepals anthocyanin, vitamin C and acidity) in close conformity with the findings of El-khayat (2001) on roselle plants, Niakan et al. (2004) Khalil et al. (2010) on basil plants, Majeed and Ali (2011) on roselle plant, Gendy et al. (2012) on roselle plants, Gendy et al. (2013) on guar plants, Priya et al. (2014) on tobacco plant, Paramasivan et al. (2015) on Solanum melongena L., Khatab (2016) on roselle plant and Moradi et al (2017) on safflower plant.
Net profit and net return:
To recognize the net profit and net return of the different studied treatments, the average increase of dry sepals yield (MTha -1 ) as a main yield of roselle plant, were calculated during both study seasons by comparing the lowest sepals dry yield at FC2+FA0 treatment with the that at the other treatments (Table, 8) .
Results indicated that the highest net profit (40.450×10 3 LEha -1 ) and the highest net return (29.336×10 3 LEha -1 ) were achieved due to the dual application of FC5 with FA at 750mgL -1 . CONCLUSION Fulvic acids (FAs) are a mixture of weak aliphatic and aromatic organic acids which are soluble in water at all pH conditions (acidic, neutral and alkaline). Their composition and shape is quite variable. The size of fulvic acids (HFs) are smaller than humic adds (HAs), with molecular weights which range from approximately 1,000 to 10,000. Fulvic acids (FAs) have an oxygen content twice that of humic acids (HAs). They have many carboxyl ( COOH) and hydroxyl ( COH) groups, thus fulvic acids (FAs) are much more chemically reactive. The exchange capacity of fulvic acids (FAs) is more than double that of humic acids (HAs). This high exchange capacity is due to the total number of carboxyl (COOH) groups present. The number of carboxyl groups present in fulvic acids (FAs) ranges from 520 to 1120cmol (H+)/kg. Fulvic acids collected from many different sources and analyzed, show no evidence of methoxy groups ( CH3) groups, they are low in phenols, and are less aromatic compared to humic acids from the same sources. Because of the relatively small size of fulvic acid (FA) molecules they can readily enter plant roots, stems, and leaves. As they enter these plant parts they carry nutrients from plant surfaces into plant tissues. Foliar spray applications containing fulvic acid (FA) mineral chelates, at specific plant growth stages, can be used as a primary production technique for maximizing the plants productive capacity. Fulvic acids (FAs) are the most effective carbon containing chelating compounds known. They are plant compatible, thus nontoxic, when applied at relatively low concentrations (Majeed and Ali (2011); Priya et al., 2014; Paramasivan et al., 2015; Khatab (2016) and Moradi et al., 2017) . To interpret and evaluate the effect of nitrogen, phosphorus and potassium concerned in this study, on augmenting the different tested vegetative growth parameters, yield component leaf nutrients content and sepals quality parameters of roselle plants, it is important to refer to the physiological roles of nitrogen, phosphorus and potassium in plant growth and development. Such three macronutrient elements are the common elements usually included in fertilizers (Cooke, 1982) . Plant supplement with these macronutrients in form of fertilizers is necessary because the soil is usually in deficient of them due to plant removal leaching or they are not readily available for plants. Therefore, such addition of well balanced NPK fertilization quantities insured production of high productivity and chemical constituents of roselle plants.
Nitrogen is essential for plant growth and development as a constituent of many amino acids, enzymes and energy transfer materials such as chlorophyll, ADP and ATP. Growing plants must have nitrogen to form new cells and the rate of growth then becomes very nearly proportional to the rate at which nitrogen is supplied (Bidwell, 1974) . Besides, supplying the plants with adequate quantities of N at right time tends to increase cell number and cell size with an overall increase in the vegetative growth production (Thompsond and Troch, 1975) .
Phosphorus is essential for cell division and for development of meristematic tissues and it is very important for carbohydrate transformation due to multitude of phosphorylation reaction and to energy rich phosphate bond (Lambers et al., 2000) . Phosphorus compounds are also essential for photosynthesis, the inter conversion of carbohydrates and related glycolysis, amino acid metabolism, fat metabolism and biological oxidation. Lack of phosphorus, therefore hampers metabolic processes, such as the conversion of sugars into starch and cellulose (Devlin, 1972) . Potassium is important for growth and elongation probably due to its function as an osmotic and may react synergistically with IAA. Moreover, it promotes CO2 assimilation and translocation of carbohydrates from the leaves to storage tissues (Mengel and Kirkby, 1987) .
When organic manures added as fertilizer, it led to decrease soil pH which in turn increasing solubility of nutrients for plant uptake, in some cases organic materials may act as low release fertilizer. Recently, on the way of sustainable agriculture with minimum effects, the use of organic manures as natural soil amendments is recommended to replace the soluble chemical fertilizers. They improve the structure of weak-structured sandy soils and increase their water holding capacity. Also, they improve soil fertility, and stimulate root development, induce active biological conditions and enhancing activities of micro-organisms especially those involved in mineralization (Zheljazkov and Warman, 2004) .
The present study, therefore, indicated that the using the integration between mineral (NPK) and organic fertilizers (compost and fulvic acid) has become an urgent necessity to provide maximum net return and high exportation characteristics for medicinal plants such as roselle plant due to its important roles in reducing soil and water pollution consequently playing a safety role on human health especially under Siwa Oasis conditions as a natural reserve.
